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1. 

METHOD OF MEASURING SURFACE 
STRUCTURE OF DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a divisional application of U.S. appli 
cation Ser. No. 12/779,915, filed on May 13, 2010, which 
claims the priority benefit of Taiwan application serial no. 
98140917, filed on Nov. 27, 2009. The entirety of each of the 
above-mentioned patent applications is hereby incorporated 
by reference herein and made a part of specification. 

BACKGROUND 

1. Field of Invention 
The invention is related to a method of measuring a Surface 

structure of a display device, and is particularly related to a 
method of measuring a size of a Surface structure of a display 
device, which is applying to the field of display device. 

2. Description of Related Art 
Recently, the trend of the display products is light, thin, 

Small, and high resolution. However, these requirements 
cause difficulties in design, fabrication and size measurement 
of the internal structures of the display device. That is, in 
order to dispose more pixels in a smaller space to provide a 
higher resolution, the interval space between the structures is 
not sufficient. Therefore, the precision and the reproducibility 
of the size measurement results of the structures are poor. 
Furthermore, it is difficult to control the processes by adjust 
ing the parameters according to the size measurement results, 
thus the production yield and the throughput are reduced. 

FIG. 1 is a schematic view of a display device and an 
optical measuring apparatus for a surface structure. Referring 
to FIG. 1, the display device includes a first substrate 210, a 
patterned light-shielding layer 214, at least one first protru 
sion 218, and at least one second protrusions 2184. The first 
substrate 210 has a first surface 212. The patterned light 
shielding layer 214 has a plurality of openings 216 and dis 
posed on the first surface 212 of the first substrate 210. The 
first protrusion 218 correspondingly covers the openings 216 
of the patterned light-shielding layer 214 and a portion of the 
patterned light-shielding layer 214. The second protrusions 
2184 are disposed in the patterned light-shielding layer 214. 
The optical measuring apparatus for a Surface structure (not 
shown) includes a positional movable platform (not shown), 
a light source (not shown), an operation processing unit (not 
shown), and a microscope lens 100, and the microscope lens 
100 includes a dichroic mirror (not shown), a first light detec 
tor (not shown), and a second light detector (not shown). 

FIG. 2 is a schematic cross-sectional view of the optical 
measuring apparatus for a surface structure and the first Sub 
strate 210 of the display device along line A-A in FIG. 1. 
Referring to FIG. 2, the positional movable platform carries 
the first substrate 210 of the tested display device to posit the 
microscope lens 100 directly over the patterned light-shield 
ing layer 214 on the first substrate 210. The light source emits 
a parallel light beam 102 toward the patterned light-shielding 
layer 214, and the parallel light beam 102 is divided into a 
measuring light beam and an interference light beam by the 
dichroic mirror. The measuring light beam irradiates the pat 
terned light-shielding layer 214 on the first substrate 210, a 
reflected light reflected from the patterned light-shielding 
layer 214 to the microscope lens 100 is received and con 
verted into a first signal by the first light detector, and the 
interference light beam is received and converted into a sec 
ond signal by the second light detector. 
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2 
FIG. 3 is a schematic cross-sectional view of the optical 

measuring apparatus for a surface structure and the first Sub 
strate 210 of the display device along line A-A in FIG. 1. 
Referring to FIG.3, the positional movable platform is moved 
to posit the microscope lens 100 directly over the first protru 
sion 218 on the first surface 212 of the first substrate 210. The 
light source emits a parallel light beam 102 toward the first 
protrusion 218, and the parallel light beam 102 is divided into 
a measuring light beam and an interference light beam by the 
dichroic mirror. The measuring light beam irradiates the first 
protrusion 218 of the first substrate 210, a reflected light 
reflected from the first protrusion 218 to the microscope lens 
100 is received and converted into a third signal by the first 
light detector, and the interference light beam is received and 
converted into a fourth signal by the second light detector. 

FIG. 4 is a schematic cross-sectional view of the optical 
measuring apparatus for a surface structure and the first Sub 
strate 210 of the display device along line A-A in FIG. 1. 
Referring to FIG.4, the positional movable platform is further 
moved to posit the microscope lens 100 directly over the 
second protrusion 2184 on the first surface 212 of the first 
substrate 210. The light source emits a parallel light beam 102 
toward the second protrusion 2184, and the parallel light 
beam 102 is divided into a measuring light beam and an 
interference light beam by the dichroic mirror. The measuring 
light beam irradiates the second protrusion 2184 of the first 
substrate 210, a reflected light reflected from the second 
protrusion 2184 to the microscope lens 100 is received and 
converted into a fifth signal by the first light detector, and the 
interference light beam is received and converted into a sixth 
signal by the second light detector. The first signal, the second 
signal, the third signal, the fourth signal, the fifth signal, and 
the sixth signal are received and operated by the operation 
processing unit to output the height of the first protrusion 218 
and the height of the second protrusion 2184 on the first 
surface 212 of the first substrate 210. 

However, in order to dispose more pixels in a smaller space 
to provide a higher resolution, a width of the light-shielding 
layer disposed between the pixels should be reduced. There 
fore, the light-shielding layer can not provide a single plane 
having a Sufficient width, and a uniform reflected light is not 
obtained as the measuring light beam irradiates the patterned 
light-shielding layer 214. Accordingly, the precision and the 
reproducibility of the size measurement results of the struc 
tures are poor. Furthermore, it is difficult to control the pro 
cesses by adjusting the parameters according to the size mea 
Surement results, thus the production yield and the throughput 
are reduced. 

SUMMARY OF THE INVENTION 

An objective of the invention is to provide a method of 
measuring a Surface structure of a display device. The method 
includes the following steps. A display device is provided. 
The display device includes a first substrate, a first patterned 
light-shielding layer, at least one second patterned light 
shielding layer, at least one first pixel unit, at least one second 
pixel unit, and a second substrate. The first substrate has a first 
Surface. The first patterned light-shielding layer includes a 
plurality of first openings and is disposed on the first Surface 
of the first substrate. The second patterned light-shielding 
layer includes a plurality of second openings and is disposed 
on the first surface of the first substrate. The first pixel unit 
includes at least one first protrusion and at least one second 
protrusion. The first protrusion correspondingly covers the 
first openings of the first patterned light-shielding layer and a 
portion of the first patterned light-shielding layer. The second 
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protrusion is disposed on and directly contacted with the first 
patterned light-shielding layer and the second patterned light 
shielding layer. The second pixel unit includes at least one 
third protrusion. The third protrusion correspondingly covers 
the second openings of the second patterned light-shielding 
layer and a portion of the second patterned light-shielding 
layer, wherein sizes of the second openings of the second 
patterned light-shielding layer are smaller than sizes of the 
first openings of the first patterned light-shielding layer, and a 
length in between two of the adjacent first openings of the first 
bar-shaped light-shielding pattern is Smaller than a length in 
between two of the adjacent second openings of the second 
bar-shaped light-shielding pattern. The second Substrate has a 
second Surface and is disposed opposite to the first Surface of 
the first Substrate. An optical measuring apparatus for a struc 
ture is provided. The optical measuring apparatus includes a 
positional movable platform, a light source, an operation 
processing unit, and a microscope lens, and the microscope 
lens includes a dichroic mirror, a first light detector, and a 
second light detector. The positional movable platform is 
used to move the microscope lens or the substrate of the tested 
display device to align the microscope lens with the second 
patterned light-shielding layer on the substrate of the tested 
display device. The second patterned light-shielding layer is 
used as a reference plane and the light source provides a 
parallel light beam passing through the dichroic mirror of the 
microscope lens. The parallel light beam is divided into a 
measuring light beam and an interference light beam by the 
dichroic mirror. The measuring light beam irradiates the 
tested structure on the substrate of the display device or the 
reference plane and is reflected to the microscope lens. Then, 
the reflected light is received and converted into a reflected 
light signal by the first light detector, and the interference 
light beam is received and converted into an interference light 
signal by the second light detector. The steps described above 
are repeated to sequentially measure the first protrusion, the 
second protrusion, and the third protrusion on the Substrate of 
the tested display device. Accordingly, a paired reflected light 
signal and interference light signal are obtained, respectively. 
Thereafter, the reflected light signals and the interference 
light signals are received and operated by the operation pro 
cessing unit to output the height of the first protrusion, the 
second protrusion and the third protrusion, respectively. 

In the invention, the second patterned light-shielding layer 
provides a larger reflector plane than the first patterned light 
shielding layer. Therefore, the measurement result of the 
height of the second patterned light-shielding layer is more 
precise and more reproducible than the measurement result of 
the height of the first patterned light-shielding layer, and 
picture quality and brightness of the display device are not 
significantly affected. Accordingly, a relative height of a 
photo spacer calculated according to the measurement result 
of the height of the second patterned light-shielding layer is 
more precise and more reproducible. Furthermore, more pre 
cise data is provided to control the processes which are 
adjusted by the parameters according to the size measurement 
results, thus the production yield and the throughput are 
increased. 

In order to make the aforementioned and other features and 
advantages of the present invention more comprehensible, 
several embodiments accompanied with figures are described 
in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a display device and an 
optical measuring apparatus for a Surface structure according 
to prior art. 
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4 
FIG. 2 is a schematic cross-sectional view of a height 

measurement of a patterned light-shielding layer of a display 
device according to prior art. 

FIG. 3 is a schematic cross-sectional view of a height 
measurement of a first protrusion of a display device accord 
ing to prior art. 

FIG. 4 is a schematic cross-sectional view of a height 
measurement of a second protrusion of a display device 
according to prior art. 

FIG. 5 is a schematic cross-sectional view of a display 
device according to a first embodiment of the invention. 

FIG. 6 is a plane view of the first substrate 310 in FIG. 5 
according to a second embodiment of the invention. 

FIG. 7 is a schematic view of a height measurement accord 
ing to the second embodiment of the invention. 

DESCRIPTION OF EMBODIMENTS 

First Embodiment 

FIG. 5 is a schematic cross-sectional view of a display 
device according to a first embodiment of the invention. 
Referring to FIG. 5, a display device 300 of an embodiment of 
the invention is, for example, a liquid crystal display device, 
and includes a first substrate 310, a first patterned light 
shielding layer322, at least one second patterned light-shield 
ing layer 332, at least one first pixel unit 326, at least one 
second pixel unit 336, and a second substrate 340. The first 
substrate 310 has a first surface 312. The first patterned light 
shielding layer 322 includes a plurality of first openings 324 
and is disposed on the first surface 312 of the first substrate 
310. The second patterned light-shielding layer 332 includes 
a plurality of second openings 334 and is disposed on the first 
surface 312 of the first substrate 310 in the first patterned 
light-shielding layer 322. The first pixel unit 326 includes at 
least one first red color filter layer326R, at least one first blue 
color filter layer 326B, and at least one first green color filter 
layer 326G which cover the first openings 324 of the first 
patterned light-shielding layer 322 and a portion of the first 
patterned light-shielding layer 322, respectively. The first 
pixel unit 326 further includes at least one photo spacer 328 
disposed in the first patterned light-shielding layer 322 and 
the second patterned light-shielding layer 332. The second 
pixel unit 336 includes at least one second red color filter 
layer 33.6R, at least one second blue color filter layer 336B, 
and at least one second green color filter layer 336G which 
cover the second openings 334 of the second patterned light 
shielding layer 332 and a portion of the second patterned 
light-shielding layer 332, respectively, wherein sizes of the 
second openings 334 of the second patterned light-shielding 
layer 332 are smaller than sizes of the first openings 324 of the 
first patterned light-shielding layer322. The second substrate 
340 has a second surface 350 and is disposed opposite to the 
first Surface 312 of the first Substrate 310. 

In the invention, the second patterned light-shielding layer 
332 provides a larger reflector plane than the first patterned 
light-shielding layer 322. Therefore, the measurement result 
of the height of the second patterned light-shielding layer 332 
is more precise and more reproducible than that of the first 
patterned light-shielding layer 322. Accordingly, a relative 
height of the photo spacer 328 calculated according to the 
measurement result of the second patterned light-shielding 
layer 332 is more precise and more reproducible, and picture 
quality and brightness of the display device are not signifi 
cantly affected. 

Second Embodiment 

FIG. 6 is a plane view of the first substrate 310 in FIG. 5 
according to a second embodiment of the invention. Referring 



US 8,755,054 B2 
5 

to FIGS.5 and 6, a method of measuring a surface structure of 
a display device according to the second embodiment of the 
invention includes the following steps. First, a display device 
300 is provided. The display device 300 is, for example, a 
liquid crystal display device, and includes a first Substrate 
310, a first patterned light-shielding layer 322, at least one 
second patterned light-shielding layer 332, at least one first 
pixel unit 326, at least one second pixel unit 336, and a second 
substrate 340. The first substrate 310 has a first surface 312. 
The first patterned light-shielding layer 322 includes a plu 
rality of first openings 324 and is disposed on the first surface 
312 of the first substrate 310. The second patterned light 
shielding layer 332 includes a plurality of second openings 
334 and is disposed on the first surface 312 of the first sub 
strate 310 in the first patterned light-shielding layer 322. The 
first pixel unit 326 includes at least one first red color filter 
layer 326R, at least one first blue color filter layer 326B, and 
at least one first green color filter layer 326G which cover the 
first openings 324 of the first patterned light-shielding layer 
322 and a portion of the first patterned light-shielding layer 
322, respectively. The first pixel unit 326 further includes at 
least one photo spacer 328 disposed in the first patterned 
light-shielding layer 322 and the second patterned light 
shielding layer 332. The second pixel unit 336 includes at 
least one second red color filter layer 33.6R, at least one 
second blue color filter layer 336B, and at least one second 
green color filter layer336G which cover the second openings 
334 of the second patterned light-shielding layer 332 and a 
portion of the second patterned light-shielding layer 332, 
respectively, wherein sizes of the second openings 334 of the 
second patterned light-shielding layer 332 are smaller than 
sizes of the first openings 324 of the first patterned light 
shielding layer 322. The second substrate 340 has a second 
surface 350 and is disposed opposite to the first surface 312 of 
the first Substrate 310. 

Then, an optical measuring apparatus for a structure (not 
shown) is provided . . . . Thereafter, the first reflected and 
interference light signals and the second reflected and inter 
ference light signals are received and operated by the opera 
tion processing unit to output the height of the red color filter 
layer 33.6R of the second pixel unit 336 (referring to the 
height difference H1 between the second patterned light 
shielding layer 332 and the red color filter layer 33.6R in FIG. 
7). The first reflected and interference light signals and the 
third reflected and interference light signals are received and 
operated by the operation processing unit to output the height 
of the photo spacer 328 (referring to the height difference H2 
between the second patterned light-shielding layer 332 and 
the photo spacer 328 in FIG. 7). Then, a subtraction procedure 
is performed to subtract the height of the second red color 
filter layer 33.6R (referring to height difference H2) from the 
height of the photo spacer 328 (referring to height difference 
H1) by the operation processing unit and a relative height H3 
of the photo spacer 328 is output. 

In the invention, the second patterned light-shielding layer 
332 provides a larger reflector plane than the first patterned 
light-shielding layer 322. Therefore, the measurement result 
of the height of the second patterned light-shielding layer 332 
is more precise and more reproducible than the measurement 
result of the height of the first patterned light-shielding layer 
322. Accordingly, the relative height of the photo spacer 328 
calculated according to the measurement result of the second 
patterned light-shielding layer 332 is more precise and more 
reproducible, and picture quality and brightness of the display 
device are not significantly affected. 
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In Summary, the invention has the following advantages. 
First, a larger light-shielding layer is disposed in part of the 

display Screen to provide a Sufficient measuring plane, and a 
low process yield due to the difficulty in the measurement of 
the surface structure of the display device with a high reso 
lution is improved. 

Second, since a larger light-shielding layer is disposed in 
part of the display screen, picture quality and brightness of the 
display device are not significantly affected. 

Third, a reliable and effective method of measuring a sur 
face structure of a display device is established. 

Although the invention has been described with reference 
to the embodiments thereof, it will be apparent to one of the 
ordinary skills in the art that modifications to the described 
embodiments may be made without departing from the spirit 
of the invention. Accordingly, the scope of the invention will 
be defined by the attached claims not by the above detailed 
description. 
What is claimed is: 
1. A method of measuring a Surface structure of a display 

device, comprising: 
providing a display device, the display device comprising: 

a first Substrate, having a first Surface; 
a first patterned light-shielding layer, having a plurality 

of first openings and disposed on the first Surface of 
the first substrate; 

at least one second patterned light-shielding layer, hav 
ing a plurality of second openings and disposed on the 
first surface of the first substrate; 

at least one first pixel unit, comprising: 
at least one first protrusion, correspondingly covering 

the first openings of the first patterned light-shield 
ing layer, and 

at least one second protrusion, disposed on and 
directly contacted with the first patterned light 
shielding layer and the second patterned light 
shielding layer, 

at least one second pixel unit, comprising: 
at least one third protrusion, correspondingly cover 

ing the second openings of the second patterned 
light-shielding layer, wherein sizes of the second 
openings of the second patterned light-shielding 
layer are Smaller than sizes of the first openings of 
the first patterned light-shielding layer, and a length 
in between two of the adjacent first openings of the 
first bar-shaped light-shielding pattern is Smaller 
than a length in between two of the adjacent second 
openings of the second bar-shaped light-shielding 
pattern; and 

a second Substrate, having a second Surface and disposed 
opposite to the first surface of the first substrate; 

providing a measuring apparatus; 
measuring a first height of the first protrusion covering a 

Surface of the second patterned light-shielding layer, the 
first height being a height difference between the second 
patterned light-shielding layer and the first protrusion; 

measuring a second height of the second protrusion cover 
ing a surface of the second patterned light-shielding 
layer, the second height being a height difference 
between the second patterned light-shielding layer and 
the second protrusion; and 

calculating a third height which is a difference between the 
first height and the second height. 

2. The method of measuring a Surface structure of a display 
device as claimed in claim 1, wherein the first protrusion 
comprises at least one red color filter layer, at least one blue 
color filter layer, and at least one green color filter layer. 
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3. The method of measuring a Surface structure of a display 
device as claimed in claim 1, wherein the second protrusion 
comprises at least one photo spacer. 

4. The method of measuring a Surface structure of a display 
device as claimed in claim 1, wherein the third protrusion 5 
comprises at least one red color filter layer, at least one blue 
color filter layer, and at least one green color filter layer. 

5. The method of measuring a surface structure of a display 
device as claimed in claim 1, wherein the display device is a 
liquid crystal display device. 10 

6. The method of measuring a Surface structure of a display 
device as claimed in claim 1, wherein the display device is an 
electrophoretic display device. 

7. The method of measuring a surface structure of a display 
device as claimed in claim 1, wherein the measuring appara- 15 
tus is a Surface-contact measuring apparatus. 

8. The method of measuring a Surface structure of a display 
device as claimed in claim 1, wherein the measuring appara 
tus is an optical non-contact measuring apparatus. 

9. The method of measuring a surface structure of a display 20 
device as claimed in claim 1, wherein the measuring appara 
tus is an ultrasonic non-contact measuring apparatus. 

10. The method of measuring a surface structure of a dis 
play device as claimed in claim 1, wherein the measuring 
apparatus is a Sonic non-contact measuring apparatus. 25 

k k k k k 


